To study the interrelationships of adiponectin, C-reactive protein (CRP) and fibrinogen with each other in T2DM patients with (T2DM-C) and without complications (T2DM-NC) among healthy individuals. Design and methods: The study comprised of 120 T2DM-C, 59 T2DM-NC patients and 40 healthy volunteers. Biochemical markers were determined in the serum. Results: Positivity rates of CRP and fibrinogen were significantly increased in T2DM-C as compared to T2DM-NC or controls, whereas adiponectin showed highest level in healthy individuals. Inflammatory biomarkers were inversely correlated with adiponectin (P < 0.01). Lipid profiles, kidney functions and BMI, showed positive significant correlation with CRP and fibrinogen but negative correlation with adiponectin. For better detection of T2DM, the combined sensitivity (98.9%) and specificity (92.5%) of fibrinogen and adiponectin was higher than the combined sensitivity and specificity of fibrinogen and CRP or adiponectin and CRP or than that of the biomarkers alone. Conclusion: Elevated levels of CRP and fibrinogen and reduced level of adiponectin can be used for early diagnosis of T2DM and can predict diabetic complications.
Introduction
The epidemic proportion of people with diabetes is alarming [1] . Type 2 diabetes affects small (microangiopathy) or large vessels (macroangiopathy). Microvascular disease is the hallmark of retinopathy, neuropathy, and nephropathy, whereas macroangiopathy in diabetes is manifested by accelerated atherosclerosis, which affects vital organs (heart and brain) [2] . Therefore, attention has been focused recently on whether the unconventional risk factors are independently associated with vascular risk, and if they provide clinically significant prognostic value beyond the established ones [3] .
Adiponectin is an adipocyte-derived peptide with evidence of diabetic and cardio-protective properties, with low circulating levels in the obese [4] and in metabolic disorders associated with increased fat mass including hyperglycemia, insulin resistance, dyslipidemia, and vascular inflammation [5] .
An accumulating body of evidence suggests that inflammation may play a crucial intermediary role in pathogenesis, thereby linking diabetes with a number of commonly coexisting conditions thought to originate through inflammatory mechanisms [6] . In this regard, substantial experimental evidence and more recent cross-sectional data suggest that C-reactive pro-tein (CRP), a sensitive physiological marker of subclinical systemic inflammation, is associated with hyperglycemia, insulin resistance, and overt T2DM [7] . A study by Takebayashi and colleagues suggested that CRP appeared not to be a discriminatory factor for diabetic complications, although it probably had a pathogenetic role at the level of the vascular endothelium. The role of CRP in diabetic patients in regards to obtaining "value-added" information is therefore, still controversial [8] . Also, Fibrinogen; a plasma protein produced in liver, is regulated by cytokines and is greatly enhanced by the acute phase response to inflammatory processes [9] . It contributes more than other proteins to plasma viscosity in healthy subjects. This contribution is greatly increased in disease states, among them diabetes mellitus. Elevated plasma viscosity is the feature of diabetic blood, which results in greater flow resistance, and a high incidence of certain complications. Long before the biochemical deviation in carbohydrate metabolism is demonstrable, changes occur in the small blood vessels due to elevated viscosity of plasma that are responsible for some of the complications associated with the disease [10] .
When T2DM is clinically diagnosed there may already be diabetic complications, [11] . These clinical findings have lead clinicians to the hypothesis that polygenic T2DM is a vascular disease rooted in endothelial genetic defects and occurs as a result of interactions with environmental stressors such as over nutrition, obesity, and under exercise in the metabolic syndrome with hyperglycemia being a late manifestation [12] .
The aim of the present study was to explore the association among CRP, fibrinogen and adiponectin in T2DM with and without complications to evaluate their usefulness as screening biomarkers for early prediction of complications in patients with T2DM.
Materials and methods

Study population
This cohort study included 179 with confirmed diagnosis as type 2 diabetes mellitus (T2DM) at the time of blood draw. Based on revised American Diabetes Association diagnostic criteria [13] , cases were confirmed if one or more of the following conditions were met: (1) presence of more than 1 classic symptom of hyperglycemia (i.e. polyuria, polydipsia, weight loss with or without polyphagia, and blurred vision) plus either a fasting plasma glucose of 126 mg/dL (7.0 mmol/L) or higher or random plasma glucose 200 mg/dL (11.1 mmol/L) or higher; (2) 
Blood collection and processing
The study was approved by the ethical committee of the University of Alzhraa hospital, and informed consent was obtained from all participants. Venous Blood samples were withdrawn at enrollment after overnight fasting; each sample was divided into three portions: the first was mixed gently with 150 µl EDTA solution then divided into two tubes; one was centrifuged for 15 min. at 3000 RPM., the supernatant (plasma) was stored in liquid nitrogen until laboratory assay for CRP and adiponectin, the other tube is used immediately to measure glycosylated hemoglobin (Hb)A1c. The second portion was added to 0.2 ml Na citrate 3.2% and mixed gently, then centrifuged and the plasma was separated for immediate estimation of plasma fibrinogen. The third portion was left to clot at room temperature and serum was separated after centrifugation for assessment of lipid profile, kidney function and serum glucose.
Plasma C-reactive protein (CRP) was measured using the US CRP ELISA kit (Diagnostic Systems Laboratories, Inc., Webster, TX) [14] . Plasma adiponectin concentrations were measured by ELISA kit (R&D Systems, Minneapolis, MN) [15] . Hemoglobin (Hb)A1c was measured by chromatographic spectro-photometric ion exchange resin using kit supplied by Biosystems company (S.A, Barcelona, Spain). Assessment of plasma fibrinogen was carried out by modification of the method on system CA analyzer (HITACHII-911TM Roche Diagnostic System, Boheringer Manheim) [16] . Measurement of lipid profile, kidney function and serum glucose was carried out photo-metrically using HITACII-911TM Autoanalyzer (Roche Diagnostic System, Boheringer Manheim).
Statistical analysis
The threshold value for optimal sensitivity and specificity was determined by receiver operating characteristics (ROC) curve which was constructed by calculating the true-positive fraction (sensitivity %) and falsepositive fraction (100-specificity %) of CRP, fibrinogen, and adiponectin at several cutoff points [17] . The Kruskal-Wallis and Mann-Whitney U non-parametric tests were used for the statistical comparison of the variables between the various groups. The chi-square test was utilized to compare the positivity rates and to study the association between the different variables. Pearson's correlations were used to test the relationship between variables. The level of significance was determined to be less than 0.05. All analyses were performed using the Statistical Package for the Social Sciences (SPSS software, version 12, Chicago, Illinois).
Results
Clinical characteristics of the study cohort
The clinical characteristics of the controls, diabetic mellitus type 2 with (T2DM-C) and, without (T2DM-NC) complications are shown in (Table 1) . Significant difference was observed between all the clinical characteristics among the three investigated groups as well as between T2DM-C as compared to either T2DM-NC or the control groups (P < 0.0001). The mean levels of CRP and fibrinogen, were increased 2.07 fold, and 1.28 fold respectively in T2DM-C group as compared to T2DM-NC group and 4.04 fold and 2.5 fold, respectively in T2DM-C group as compared to control group (P < 0.0001). While the mean level of CRP and fibrinogen were increased 1.95 fold and 1.97 fold respectively in T2DM-NC group as compared to control group (P < 0.0001). On the other hand, adiponectin level was increased 4.45 fold in control group compared to T2DM-C group and 2.6 fold compared to T2DM-NC group. In T2DM-NC group, adiponectin levels were higher 1.69 fold than T2DM-C group (P < 0.0001).
Correlation between biomarkers in type 2 diabetes mellitus group
To assess the associations between biomarkers in T2DM, we calculated Pearson correlation coefficients. Fig. 1A-C) .
Positivity rates of CRP, adiponectin, and fibrinogen among different investigated groups
Best cutoff values for CRP, fibrinogen and adiponectin, were calculated using ROC curve as shown in Fig. 2 . There was statistical difference in the rates of aforementioned biomarkers among the three investigated groups, Table 2 . litus with complications. Significant P < 0.0001 between, a all studied groups at P < 0.0001 using non-parametric analysis (Kruskal-Wallis), b T2DM and control groups, c T2DM-NC and control groups, d T2DM-C and control groups, e T2DM-C and T2DM-NC groups, and using non-parametric analysis (Mann -Whitney test). 
Adiponectin, CRP and fibrinogen among T2DM-C group
According to the studied T2DM patients, 67% (120/179) patients showed complications categorized as follows; 80.8% (97/120) with cardiovascular diseases, 63.3% (76/120) with nephropathy, 91.7% (110/120) with neuropathy, and 59.2% (71/120) with retinopathy. As indicated in Table 3 , the three biomarkers of interest were significantly associated with CVD, and nephropathy. Moreover, CRP was associated with retinopathy and adiponectin was associated with neuropathy.
The median percentage change for CRP and fibrinogen in T2DM-C group revealed positive association with different complications. On the other hand, adiponectin revealed negative association with different complications (Fig. 3) . Among the entire group of T2DMC (Table 3) , CRP was increased in T2DM patients with CVD, nephropathy and retinopathy. On the other hand, adiponectin was decreased in T2DM patients with CVD, nephropathy and neuropathy. Fibrinogen showed significant increment in T2DM patients with CVD and nephropathy.
Combined sensitivity and specificity of investigated biomarkers
Sensitivity and specificity for CRP, fibrinogen and adiponectin as well as their combination were tested for detection of T2DM and T2DM-C, as shown in Table 4 . Both sensitivity (93%) and specificity (95%) of fibrinogen were the highest among the other two biomarkers for detection of T2DM. Absolute sensitivity was reached when the three biomarkers were combined although the specificity was decreased. For detection of complications in T2DM patients, CRP revealed the highest sensitivity (95%) and specificity (50.5%) as compared with adiponectin and fibrinogen. Absolute sensitivity was reached when CRP was combined with adiponectin, although the specificity was reduced to 42.9%. 
Discussion
Diabetes mellitus type 2 (T2DM) is a complex disease with altered expression of many biomarkers, which can be anticipated to interact. It is therefore critical to monitor their changes and their inter-relationships with other risk factors [1] .
In the present study, we performed quantitative analysis of CRP, fibrinogen and adiponectin in serum samples from different investigated groups by ELISA to evaluate their usefulness in diagnosis of T2DM as well as early screening of complications associated with T2DM. Accordingly, the levels and positivity (sensitivity) of both inflammatory markers (CRP and fibrinogen) were significantly increased in T2DM-C as compared to T2DM-NC and controls as reported earlier by others [7] . On the other hand, our results were in concordance with Mantozoros and his colleagues [18] as the levels and positivity rates of the circulating adiponectin were lower in T2DM-C as compared to T2DM-NC and controls (P < 0.0001). These results indicate that elevation of inflammatory markers and reduced adiponectin levels play an important role not only in the pathophysiology of T2DM but also in the category of complications associated with this type of disease.
Authors investigated the correlation between the aforementioned biomarkers and glycosylated hemoglobin (Hb)A1c, lipid profile, kidney function and BMI. Inflammatory markers were positively correlated with glycosylated hemoglobin (Hb)A1c, fasting and postprandial glucose, LDL and triglyceride while negatively correlated with HDL. Gorink and his coworkers [19] reported that advanced glycation end products (AGEs) that formed by glycosylated hemoglobin are associated with pathogenesis of diabetic complications through interaction with their receptors (RAGE) which can induce numerous changes linked to inflammation. In addition, increased plasma glucose contributes to the hyperfibrinogenemia of type 2 diabetes [20] . Also, it was previously reported that serum HDL-cholesterol concentrations are associated with triglyceride-rich lipoprotein metabolism and body fat in young healthy men. Therefore, an inverse association between HDL-cholesterol and inflammatory markers found in the present study suggests that low HDL-cholesterol may be related to chronic low-grade inflammation, as well as subtle abnormalities in triglyceride-rich lipoprotein metabolism in young healthy men. Low HDL-cholesterol in low grade inflammation in the present study may be com-patible with the recent observation that human secretory phospholipase A2, an acute-phase protein, decreased HDL-cholesterol in response to inflammation [21] . Our results revealed strong correlation between the level of the inflammatory markers and BMI in T2DM patients as previously reported by Kazumi et al. [22] suggesting that obesity may be a state of low grade inflammation as well. This maybe attributed to the fact that increased synthesis of some cytokines in obese women lead to increased synthesis of acute -phase reactants like CRP in liver [23] . Adiponectin, a member of a new family of obesity-related hormones, the adipocytokines, which is produced solely by white adipose tissue [24] , was negatively correlated with (Hb)A1c, fasting and postprandial glucose indicating as previously reported [18] that higher adiponectin levels are associated with better glycemic control. Moreover, it was negatively correlated with triglycerides, indicating that adiponectin may reduce intrahepatic and muscle triglyceride content through increased muscle fat oxidation and induction of genes which are important in fatty acid transport and oxidation. Also, its level was reversed to obesity as measured by BMI, this is may be due to some of the common polymorphisms in the promoter region, exon and intron 2 and the rare mutations in exon 3 of the human adiponectin gene [25] . However, adiponectin was positively correlated with HDL. These results are in line with report from von Eynatten et al. [26] who found an association between decreased post-heparin lipoprotein lipase (LPL) activity and low plasma adiponectin independent of systemic inflammation and insulin resistance. Conversely, dramatically raised levels of LPL activity have been found with increased plasma adiponectin in an animal model. Thus, adiponectin may directly stimulate the expression of LPL, which then will result in increased HDL-C levels.
T2DM is the leading cause of new cases of blindness, end-stage renal disease, and increased risk of cardiovascular disease. Most studies have indicated that increased risk for these complications can not be explained solely by conventional risk factors such as dyslipidemia, hypertension, and smoking. Therefore, the diabetic state, per se, confers an increased propensity to accelerated atherogenesis; however, the precise mechanisms by which this occurs remain to be elucidated. Regarding patients with type 2 diabetes, an increased incidence of cardiovascular diseases has been reported among those with elevated plasma levels for those markers of inflammation Preliminarily, we found strong significant correlations between the positivity rates of CRP and fibrinogen levels among T2DM-C especially those with CVD and nephropathy, while only CRP showed parallel association with retinopathy (P < 0.0001). These findings could point out, as previously reported, the role of increased inflammation in the pathogenesis of these vasculopathies, moreover, confirming that the role of these two markers of inflammation is complementary. On the contrary, adiponectin was decreased in T2DM patients with CVD, nephropathy and neuropathy (P < 0.0001). This could be attributed to the presence of a region of chromosome 3q contains a susceptibility locus for diabetic nephropathy in patients with type 2 diabetes, and one group evaluated 14 candidate genes on chromosome q and found the strongest linkage with a SNP for the promoter of adiponectin [27] . These findings indicate that adiponectin deficiency accentuates CVD and kidney diseases among T2DM which indicate that identification of low adiponectin levels identifies high risk populations [28] . Moreover, the elevated adiponectin levels were increased in T2DM patients with nephropathy as compared to T2DM-NC which may result from enhanced filtration through the damaged kidney [29] .
In the current study, the three biomarkers of interest were correlated with each other indicating that adipose tissue synthesizes and secretes adiponectin and other cytokines. Increased synthesis of these cytokines in obese subjects leads to insulin resistance in muscle, increased synthesis of acute-phase reactants in the liver (CRP and fibrinogen), and/or activation of macrophages in atheromatous plaques, which leads to an increased incidence of vascular diseases [24] . Moreover, when the median percentage changes of the three biomarkers were controlled for T2DM-NC, CRP and fibrinogen were increased while adiponectin was decreased among those with complications. These results suggest that T2DM patients should be treated aggressively and followed closely to prevent future complications usually associated with T2DM.
The early detection of T2DM would certainly improve the diagnosis and screening of high-risk groups, such as patients with CVD, nephropathy, neuropathy and retinopathy. This study is among the first to use combine CRP, fibrinogen and adiponectin in a joint study as novel biomarkers for T2DM. Fibrinogen showed both highest sensitivity and specificity as compared to either CRP or adiponectin alone for diagnosing of T2DM. Among the several combinations, both the sensitivity (98.9%) and specificity (92.5%) of fibrinogen and adiponectin together were higher as compared to other combinations. Absolute sensitivity was report-ed when the three biomarkers were combined although the specificity was decreased (67.5%). Intriguingly, absolute sensitivity with a specificity (42.9%); closer to that reported for CRP (50.5%), adiponectin (53.5%) and fibrinogen (41.4%) when tested alone, were observed when CRP and adiponectin where combined.
Because recent studies have addressed the importance of therapeutic modulation of these biomarkers in high-risk patients for the prevention of vascular events [14] , it also cannot be excluded that an effective primary prevention on the categories of patients with T2DM may take into account the reduction of elevated CRP and fibrinogen as well as elevation of adiponectin levels, thus enable better management of patients. However, beyond the utility of these biomarkers in the prediction of complications in patients with newly diagnosed diabetes, further studies should focus on the prospective analysis of these assays in larger multicentric studies to evaluate the therapeutic implications of these biomarkers.
